Background: Despite the health benefits of physical activity, data from the UK suggest that a large proportion of adolescents do not meet the recommended levels of moderate-to-vigorous physical activity (MVPA). This is particularly evident in girls, who are less active than boys across all ages and may display a faster rate of decline in physical activity throughout adolescence. The 'Girls Active' intervention has been designed by the Youth Sport Trust to target the lower participation rates observed in adolescent girls. 'Girls Active' uses peer leadership and marketing to empower girls to influence decision making in their school, develop as role models and promote physical activity to other girls. Schools are provided with training and resources to review their physical activity, sport and PE provision, culture and practices to ensure they are relevant and attractive to adolescent girls. Methods/Design: This study is a two-arm cluster randomised controlled trial (RCT) aiming to recruit 20 secondary schools. Clusters will be randomised at the school level (stratified by school size and proportion of Black and Minority Ethnic (BME) pupils) to receive either the 'Girls Active' intervention or carry on with usual practice (1:1). The 20 secondary schools will be recruited from state secondary schools within the Midlands area. We aim to recruit 80 girls aged 11-14 years in each school. Data will be collected at three time points; baseline and seven and 14 months after baseline. Our primary aim is to investigate whether 'Girls Active' leads to higher objectively measured (GENEActiv) moderate-tovigorous physical activity in adolescent girls at 14 months after baseline assessment compared to the control group. Secondary outcomes include other objectively measured physical activity variables, adiposity, physical activity-related psychological factors and the cost-effectiveness of the 'Girls Active' intervention. A thorough process evaluation will be conducted during the course of the intervention delivery.
Background
Physical activity has been associated with numerous physiological and psychological benefits for young people [1, 2] . Despite this, a large proportion of children and adolescents do not meet UK recommended physical activity guidelines of at least 60 min of moderate to vigorous physical activity (MVPA) every day [3] . Self-reported data from the Health Survey for England reports that only 18 % of young people aged 5-15 years meet the recommended guidelines. Furthermore, declines in MVPA are evident during and following the transition to secondary school (age 11+ years) when a significant drop in the number of both boys and girls meeting MVPA guidelines is observed, with the drop often being steeper in girls. For example, at age 5 to 7 the same proportion of boys and girls meet recommendations (~24 %) but this declines to 14 % in boys and 8 % in girls by age 13 to 15 [4] .
UK adolescent girls cite a number of personal factors (body image, embarrassment, skill), perceptions about physical activity (too competitive, not fun) and a perceived lack of support (limited opportunities and provision designed for girls, boys getting more support) as barriers to being active [5] . These issues tend to be exacerbated as girls move through adolescence [5] , a time when dramatic changes in physical maturation has psychological and social impact that could contribute to girls' disengagement from physical activity [6] . Due to the pronounced gender differences in physical activity levels, developing physical activity interventions and strategies that are sensitive to girls' needs and interests is a challenging priority [7] .
To date, a variety of settings and methods have been used to encourage physical activity in young people, including alterations to the school cultural or physical environment, modifying the school curriculum, adding extra physical activity within the school day, and interventions with a community or family component [8] [9] [10] [11] . Reviews to date have struggled to draw general conclusions on the effectiveness of physical activity interventions among girls due to inconsistent findings, but several strategies have consistently emerged as being associated with enhanced efficacy. For example, interventions appeared to be most effective when they were school-based, included enjoyable physical education (PE) as a main component (i.e., making PE more enjoyable for girls by increasing choice and non-competitive and innovative activities) and promoted positive peer relationships through peer tutoring or peer modelling and social support of friendships groups in physical activity settings [8, 11] . Other research has also suggested that as children move into adolescence, peers become a strong influence on physical activity [12, 13] . One review identified only two peer based interventions aimed at young girls; suggesting that future research is needed to evaluate these types of programmes especially when implemented with older girls [8] . Reviews identified limitations in the methodological quality of the evaluation such as lack of high quality randomised controlled trials, lack of precision of the physical activity outcome measures and small sample sizes [8, 11] . Furthermore, the majority of school-based evidence comes from North America and elsewhere [9, 10, [14] [15] [16] [17] [18] [19] [20] and differences in infrastructure, school systems and culture make it inappropriate to translate these directly to the UK [8, 11, 21] . There is a small evidence base for school based interventions in the UK but this is limited and focuses mainly on primary schools [22] [23] [24] [25] [26] [27] , or increasing activity solely during PE classes [28, 29] .
This study seeks to build on previous successful schoolbased interventions by robustly evaluating through a randomised controlled trial a school-based intervention (Girls Active) which focuses on increasing adolescent girls' physical activity, sport and PE participation through peer leadership and marketing and engaging girls in decision making within the school for physical activity, sport and PE provision. A wider whole school approach through training for teachers, teachers reviewing current physical activity, PE and sport provision for girls, setting action plans and on-going mentoring for schools is also incorporated.
Aim and objectives of the study
Aim To investigate whether 'Girls Active' is effective and cost-effective in promoting increased physical activity in adolescent girls.
Primary objective
1. To investigate whether 'Girls Active' leads to higher objectively measured moderate-to-vigorous physical activity (MVPA) in adolescent girls aged 11-14 years at 14 months after baseline assessment compared to the control group.
Secondary objectives
2. To investigate whether 'Girls Active' results in changes to the following outcomes at 7 and 14 months after baseline assessment: Increases in objectively measured total volume of physical activity. An increase in the proportion of girls meeting MVPA guidelines (measured objectively). Increases in objectively measured MVPA. Reductions in time spent sedentary (measured objectively and self-reported). Reductions in measures of adiposity (body mass index percentile, percent body fat). Improvements in psychological factors that may mediate physical activity participation (attitudes to physical activity, enjoyment of physical activity, motivation and confidence to be active, activityrelated social support, physical self-perceptions).
3.
To determine the cost-effectiveness of the 'Girls Active' intervention.
Methods

Design
This study is a two-arm cluster randomised controlled trial (RCT) aiming to recruit 20 secondary schools. Clusters will be randomised at the school level. The 20 secondary schools will be recruited from state secondary schools within the Midlands area (i.e., Leicestershire, Nottinghamshire, Derbyshire and Warwickshire). We aim to recruit 80 girls aged 11-14 years in each school. Figure 1 shows the flow of schools and participants through the study. This study will be conducted, analysed and reported according to the Consolidation Standards of Reporting Trials (CONSORT) statement for cluster RCTs [30] . Ethical approval has been sought and obtained from the University of Leicester ethical representative and the University of Leicester will act as study sponsor.
School recruitment
All state secondary schools in Leicester, Leicestershire and Rutland with girls aged 11-14 years (n = 56) will be invited to take part in the study along with a small number of other state secondary schools along the M1 corridor in Derbyshire, Nottinghamshire and Warwickshire. Eligible schools will be sent an initial letter outlining the 'Girls Active' intervention and the evaluation and inviting them to a briefing event. At the briefing event the teachers will receive a detailed presentation about the 'Girls Active' intervention, the study evaluation methods and the requirements of being involved. At the end of briefing event the school representative will be given written information for the head teacher along with a consent form. If schools are interested in being involved they will return the consent form signed by the head teacher.
All schools involved in the study will receive a £500 honorarium at the end of the study (i.e., once they have completed all evaluation measures) to encourage participation in the study and discourage dropout.
Participant recruitment
Following school recruitment, all eligible participants within each school will be invited to take part in the study. All girls aged 11-14 years are eligible to take part and will be provided with an invitation pack, containing an invitation letter to parent(s)/guardian(s), parent/guardian information sheet, an opt out consent form for the parent/ guardian (the parent/guardian only returns a signed opt out consent form if they do not want their child to participant) and a participant information sheet for the girls. If more than 80 girls are able to take part (i.e., have not returned an opt out consent form from their parent/ guardian), 80 girls will be randomly selected using a computer generated number system. These 80 girls will provide verbal assent for study participation (at baseline and at each follow up visit).
Sample size
Sample size calculations were performed to detect a mean difference of ten minutes of MVPA between the intervention and control groups. In order to detect a difference of 10 min/day between groups, assuming a standard deviation of 18 min in MVPA [31] , a power of 90 %, a significance of 0.05, a cluster size of 56 girls and an intra-class correlation of 0.1, the sample size needed is 18 schools, increasing to 20 schools (10 schools per group) to allow for cluster attrition. To allow for 30 % loss to follow up and non-compliance with the accelerometer we will recruit 80 girls per cluster (1600 girls in total).
Randomisation
Randomisation will occur after baseline assessments and will be carried out by the Leicester Clinical Trials Unit. Randomisation will occur at the school level (stratified by school size and proportion of Black and Minority Ethnic (BME) pupils) to receive either the 'Girls Active' intervention or carry on with usual practice (1:1).
Intervention
The Youth Sport Trust (YST), an independent charity, have spent the last 10 years developing and refining initiatives aimed at engaging young girls in physical activity, physical education (PE) and sport. This expanse of work has evolved into a programme called 'Girls Active'. 'Girls Active' is focused on providing a support framework to schools to review their physical activity, sport and PE provision, culture and practices to ensure they are relevant and attractive to all adolescent girls but with a particular focus on 11-14 year old girls (Key Stage 3). Furthermore, 'Girls Active' uses peer leadership and marketing to empower girls to influence decision making in their school, develop as role models and 'sell' physical activity to other girls. This process is underpinned by teachers and girls working together to understand the preferences and motivations of girls to take part in physical activity, sport and PE. 'Girls Active' is designed to be a flexible process for delivery but there are several key elements that underpin the programme. The elements are listed below.
Self-evaluation and mission analysis -'Girls Active'
draws on the highly effective Mission 2012 review, planning and evaluation framework used by UK Sport to generate sporting success at the London Olympic and Paralympic Games. Using an adaptation of this Mission Analysis framework and a combination of marketing principles and youth leadership, it helps schools to review their existing culture and practice and to deliver an action plan tailored to their girls' needs. This is an exercise that is carried out as a 'pre-intervention and training' task and allows schools to reflect on their practice that currently exists within their school. promote physical activity to other girls and run peer led physical activity sessions and events. Those involved in the peer leadership and marketing group will be provided with the branding toolkit and marketing ideas and will develop the campaign with support from the school lead. 5. Using the student 'voice' to develop and market ideas for change -The 'voice' of the adolescent girl is key in decisions about physical activity, PE and sport in the school including the provision of changing facilities, kit, activity content, programming, inclusion and imagery. This process is underpinned by teachers and girls working together to come up with innovative and alternative physical activity and sports that they would like to participate in and can be incorporated in PE and extra-curricular activities. Most importantly this is a 'different type' of student voice, one that probably hasn't been used before as it calls on the base of students who would not traditionally be involved in this type of provision. 6. On-going support and mentorship from the Health and Wellbeing School and the YST -The local Health and Wellbeing School in Leicester, UK will offer support and mentorship to the intervention schools. This on-going support throughout the intervention phase could involve phone or email support and one to one visit support as is required. Their experience of developing and implementing similar programmes in schools that have little experience will be crucial to the on-going success of the 'Girls Active' programme. This mentor hub will also work alongside the programme manager responsible for 'Girls Active' within the YST. 7. Peer review day -All schools will be invited to a peer review day to identify learning and practice; this will be led by the YST and the Health and Wellbeing School with the aim of teachers and peer leadership and marketing groups coming together to share ideas and solutions. This will tie in with the schools' 'mission analysis' self-review and allow schools to progress those areas of development that have been highlighted through their involvement in 'Girls Active'. 8. Funding for capacity building within the school -There will be capacity payments made available to the schools involved in the 'Girls Active' intervention. Each of the intervention schools will be given capacity funding of £1000 in two £500 instalments.
The 'Girls Active' programme is guided by social cognitive theory (SCT) [32] . The literature on physical activity in young people suggests that addressing multiple levels of influence on behaviour (i.e. from the individual level to the environmental level), creating choice, increasing access and availability and physical opportunities to be active and fostering social support through positive peer relationships or friends are important and key during adolescence [8] . These constructs are all embedded within SCT and explicitly incorporated into the 'Girls Active' programme. Other core constructs of SCT such as observational learning, self-regulation and selfmonitoring are also built into key intervention activities.
Measurements
Data will be collected at three time points; baseline (February-April 2015), seven months after baseline (September-November 2015) and 14 months after baseline (April-June 2016). Trained researchers, following standard operating procedures, from University of Leicester and Loughborough University will collect data within schools and will be blind to the control and intervention allocation.
Objectively measured physical activity
Participants will wear the GENEActiv Original accelerometer (Activinsights Ltd, Kimbolton, UK) continuously (i.e., 24 h/day) for seven days on their non-dominant wrist. This device has been found to be a valid and reliable objective measure of physical activity in young people [33] . Participants will be provided with a £5 gift voucher on return of their accelerometer with at least four valid days of data. The following variables will be calculated from the accelerometer data:
1. Mean minutes of MVPA (overall and weekday and weekend split) 2. Mean total volume of activity per day (overall and weekday and weekend split) 3. Proportion of girls meeting the MVPA guidelines of 60 min per day 4. Mean minutes of sedentary behaviour (overall and weekday and weekend split)
Self-reported physical activity and sedentary behaviour
Self-reported physical activity will be captured using the Physical Activity Questionnaire for Adolescents (PAQ-A). The PAQ-A is a 7-day recall used to assess general physical activity levels during the school year using nine items [34] . The mode of commuting to and from school will be assessed using an adapted version of the questionnaire employed in the ENERGY project [35] . Sedentary behaviour will be captured using an adapted version the Adolescent Sedentary Activity Questionnaire (ASAQ) [36] . Participants will report the time they devote to a variety of different sedentary behaviours (e.g., watching TV, using the computer for fun, homework, reading, sitting around with friends etc.) in their free time on a typical weekday and weekend day.
Demographic and anthropometric measures
Participants will be asked to report their date of birth, ethnicity and postcode. Postcode will be used to calculate the Index of Multiple Deprivation. Standing and sitting height will be measured using a portable stadiometer and weight and body fat with body composition scales (Tanita SC330S). Body mass index (BMI) will be calculated and converted to a BMI percentile based on UK reference data [37] . Stature (i.e., standing height), sitting height, leg length (stature-sitting height), age, and their interactions will be used to predict how many years a girl is from age at peak height velocity (APHV) [38] , an indicator of biological maturity. APHV will be used categorise girls into maturity groups (early, average and late maturing).
Psychosocial measures
Several physical activity-related psychosocial measures will be collected. Enjoyment of physical activity (16 items) [39] , motivation (20 items) [40] and confidence to take part in physical activity (8 items) [41] , social support for physical activity from family (3 items) and friends (5 items) [42] and attitudes towards being active (14 items) [43] will be assessed. All of these questionnaires include a five point likert scale, apart from social support (four point). Questions on global self-esteem (6 items), physical self-worth (5 items) and body attractiveness (7 items) will be adapted from the physical self-perception profile questionnaire [44] . Participants will also be asked about their intentions to be active for at least 60 min every day during the next month using three items on a 7-point likert scale (from very unlikely to very likely) adapted from Hagger and colleagues [45] . Perceived autonomy support during physical education will be assessed with six items from the adapted version of the Sport Climate Questionnaire [46] . Responses will be reported on a 7-point likert scale from strongly disagree to strongly agree.
Negative health behaviours
Data on smoking and alcohol will be assessed using questions from the Health Survey for England [47] . Participants will be asked if they have ever tried smoking a cigarette (yes/no) and if they have, how often have they smoked as well as if they have ever drank an alcoholic drink (yes/no) and how often.
School environment measures
Participant's perceptions of the school physical activity environment will be assessed using a slightly modified version of the Questionnaire Assessing School Physical Activity Environment (Q-SPACE-R) [48] . The Q-SPACE-R has 16 items, eight assess the school's physical, physical activity environment (i.e., equipment, facility quality and programming) and eight assess the school's social physical activity environment. Answers are given on a five point likert scale from strongly agree to strongly disagree. Lead PE teachers will complete a school characteristics questionnaire containing the following questions: 1) availability, opportunities and access to physical activity and recreation facilities; physical activity, PE and sport policies and practices; and the structure of PE classes and clubs (i.e. male and female mixed or one sex only). These questions were adapted from the ISCOLE school administrator questionnaire [49] ; 2) an inventory on the types of physical activities offered by the school. These questions were adapted from the PE and Sport Survey [50] ; 3) an inventory of other programmes that are offered by the school to girls in Key Stage 3; and 4) number of teachers, PE teachers and PE support staff in the school. Questions were in the format of multiple choices with free text space to allow the teachers to expand on their answers. These will be followed up with supporting questions in the process evaluation.
Process evaluation
Process evaluation will be used to help explain any discrepancies between expected and observed outcomes, to understand the influence of context on study outcomes and to elucidate what specific components of Girls Active are deemed a success by pupils and teachers to help inform future intervention development and implementation [51] . Process evaluation will be undertaken throughout the intervention from project initiation to conclusion. We will employ a variety of techniques (e.g., observations, log books, questionnaires, interviews and focus groups with teachers and girls) to record information on recruitment, the implementation/delivery of the intervention, the extent to which the intervention reached the intended targets and the degree to which the targets engaged with 'Girls Active' (dose, fidelity, reach and exposure). We will also document any environmental factors that may impact on the study. This may include changes in local or national physical activity and school sport policies, contamination by other similar programmes offered, movement of any teachers from intervention to control schools and secular trends) that may have an influence on intervention effectiveness. As intervention acceptability predicts continued use of intervention strategies [52] , student enjoyment and teacher acceptability will also be assessed. Details of the process evaluation components are presented in Table 1 .
Statistical analysis
This study will be analysed and reported according to the CONSORT statement for cluster RCTs. Data will be analysed on a complete case basis. The purpose of the primary analysis is to examine whether objectively measured MVPA at 14 months is higher in the intervention group than the control group. This will be examined using a linear multilevel model with MVPA as the outcome variable, levels to indicate the clustering of pupils within schools, a binary indicator for randomisation group as the explanatory variable, and terms for the stratification factors as confounders. Secondary outcomes, including those measured at other time-points, will be analysed using the same strategy with linear multilevel models used for continuous outcomes and logistic multilevel models used for categorical variables. Any changes in MVPA will be explored by extending the multilevel models to investigate whether the measured individual or school level characteristics mediate these changes. Sub-group analyses involving interaction and stratified analyses will be performed for non-active vs. active participants (defined as below or above the median MVPA level at baseline), single vs. mixed sex schools, white vs. BME participants and the degree of social deprivation based on the English indices of deprivation for the school location. These sub-group analyses will use the same models as the main analysis. Missing data will be replaced using multiple imputation methods. As a sensitivity analysis, we will repeat the analysis on both an intention to treat basis and per-protocol basis. To allow intention-to-treat analyses, missing data will be imputed using multiple imputation methods. The per-protocol analysis will only include those who were compliant with the protocol and follow-up visits. No formal interim analyses are planned. The baseline characteristics of those who did and did not drop-out will be compared to determine whether and how they differ. All tests and reported p-values will be two-sided. Estimates will be presented with 95 % confidence intervals.
Cost-effectiveness analysis
In this economic analysis we will fully cost the delivery of the 'Girls Active' intervention and the associated costs such as teacher time and other materials used. We will administer a diary to school leads asking them to complete a record of the additional time, or displaced time, taken to offer the 'Girls Active' intervention. We will use Local Education Authority teacher costs, accounting for overheads. From a public sector, multi-agency perspective, taking into account NICE guidance on economic evaluation of public health interventions [53] , and based on our experience of evaluating the Wales National Exercise referral programme [54, 55] , we will undertake a primary cost-effectiveness analysis of the 'Girls Active' intervention, using minutes of MVPA as the outcome effect, and a secondary cost per Quality Adjusted Life Years (QALY) analysis (embedded in a wider cost consequence analysis), using the Child Health Utility 9D (CHU-9D) as our source of utility weights [56] . The CHU-9D is a paediatric generic preference based measure of health related quality of life and consists of nine dimensions (worried, sad, pain, tired, annoyed, school work/homework, sleep, daily routine and ability to join in activities). This questionnaire will be completed at all measurement time points. We will pay particular attention to equity considerations through subgroup analysis (age, ethnicity, socio economic status and BMI at baseline). We will account for clustering in our analysis, producing cost-effectiveness planes and cost effectiveness acceptability curves (CEACs) in order to convey to policy makers the probability that 'Girls Active' is cost-effective at different payer thresholds. We will undertake 5,000 boot-strapped replications in order to generate confidence intervals around point estimates. In addition to this traditional approach we will also 
Description of unintended events
It is useful to note whether there were any unexpected side effects or outcomes from the intervention. For example, did participants take up one type of physical activity but stop doing another during the project? Unexpected outcomes do not necessarily have to be negative and there may be unanticipated positive health outcomes.
Survey with pupils, attendance logs monthly collection of attendance, exit survey
Participant satisfaction, acceptability and enjoyment
Satisfaction/dissatisfaction with the programme; likes and dislikes Lead teacher interview; teacher focus groups; peer leaders focus groups; pupils brief exit survey to all pupils, focus groups with subset. All conducted by person independent of the intervention delivery to encourage honest opinions Midpoint (brief) and exit
Understanding supporting networks
What local and national infrastructure exists that schools/lead teachers perceive as useful to support physical activity promotion; extent to which formal or informal networks exist and are used
Interview with lead teachers of control and intervention schools
Midpoint and exit
Sustainability
Whether plans have been made to continue with the intervention in some way Interview with lead teacher Exit interview discuss the costs to this geographical area of "shifting the curve"the cost of potentially shifting a proportion of girls from inactive to moderately active or moderately active to very active, depending on the findings of the trial. We will also undertake a sensitivity analysis to explore the impact of varying key factors on our results. Data on number of days absent from school, number of visits to the GP, school nurse and school counsellor will also be collected from participants.
Discussion
The primary aim of this study is to evaluate the impact of an intervention specifically targeting the physical activity levels of adolescent girls. Reviews have indicated that successful physical activity interventions in young people have focused on peer tutoring and peer modelling [8, 11] . The 'Girls Active' intervention will incorporate this previously successful element as well as focusing on a wider whole school approach through training for teachers, teachers reviewing current physical activity, PE and sport provision for girls, setting action plans and on-going mentoring from the Youth Sport Trust. Considerable time and resources have been spent on developing 'Girls Active'; it has undergone a thorough iterative development over 10 years with engagement from all relevant stakeholders.
Strengths of this study include the robust randomised controlled trial design with baseline, short term and longer term follow-up, the quantitative and qualitative process evaluation, the rigorous economic evaluation and the use of an objective measure of physical activity as the primary outcome.
The findings of this study will provide valuable information on whether this type of approach to increasing physical activity in adolescent girls is both effective and cost-effective in the UK.
